Abstract-During microwave treatment, microwave energy is transferred to a material sample placed in an applicator of given geometric parameters. As a result of the energy transfer, the sample absorbs energy from the microwave field depending on its dielectric properties. The degree of energy absorption is directly proportional to the dielectric loss and proportional to the square root of the dielectric constant. The temperature of the sample continuously increases due to the energy transfer and the dielectric properties of the sample also change with the rising temperature. Although the microwave energy supply is constant, time and temperature dependent energy impedance and dielectric relations are developed. A part of them is measurable, but the other part of them can not be directly measured, they can only be computed from the previously measured ones. In a closed model which contains the parameters of the sample and the waveguide, the continuously changing parameters can be determined in relation of the temperature. These parameters are as follows: Attenuation of the transmission line, temporal change of the sample temperature, dielectric properties of the sample, loss factor of the sample, penetration depth, impedance of the transmission line, standing wave ratio reflection factor. The above parameters can be modeled as a function of the sample's temperature or as a function of time.
INTRODUCTION
During the microwave treatment, energy is being transferred to a sample of given geometry being in the transmission line. As a result, the temperature of the sample continuously rises and its dielectric properties also change [1] . From the generator's viewpoint the value of terminating impedance represented by the transmission line changes accordingly. For the microwave generator the transmission line acts as an impedance terminator whose value depends on the wavelength and on the geometric properties of the transmission line [2] . The impedance of transmission line also depends on the dielectric properties of the material which are either partially or fully filling the transmission line. Since the temperature of the sample changes due to the energy impact, the value of the impedance terminator represented by parameters the transmission line also changes together with the sample properties. During the energy impact the varying dielectric properties of the sample change the axial distribution of the microwave energy in the transmission line, therefore the amount of energy absorbed in the sample also changes.
Because of the constant microwave energy input, temperature dependent energy-, impedance-, and dielectric conditions are developed. Some of them (e.g., temperature, dielectric property) are measurable others can only be determined by computation [3] . By constructing a model containing the parameters of the transmission line and the sample placed in the transmission line, it is possible to determine the continuously varying parameters during the heating. The model of the transmission line is built based on the following aspects and relations.
THE MODEL
If the microwave transmission line filled with sample, which has nonzero loss factor is considered as a variable impedance connected to the microwave generator, then the energy conditions developed in the transmission line can be analyzed as follows.
The power leaving the generator enters and propagates in the transmission line as a wave. The medium in the transmission line -according to its dielectric properties -modifies the portrait of lines of force, and takes energy from the electromagnetic field. The electromagnetic wave reflected from the shortcut at the end of the transmission line leaves the line towards the generator. The ratio of forwarding and reflected waves is the standing wave ratio and it depends first of all on the dielectric loss of the medium filling the transmission line. The standing wave ratio is infinity in the ideal case (there is no sample, i.e., loss in the transmission line) if the transmission line is closed with the wave impedance of the line. Since the standing wave ratio is given as the ratio of forwarding and reflected waves, it is greater than one if the transmission line has loss, and it equals to the ratio of powers entering and leaving the transmission line.
That is, knowing the standing wave ratio r, and the generator power P M , it is possible to determine the power entering the transmission line. Since the medium's (sample's) dielectric parameters are functions of the temperature, it is necessary to appear the temperature dependence in the formulae explicitly. Denoting the microwave power entering the transmission line by P A and the generator's power by P M , the following formula holds:
A part of this power will dissipate and heat up the sample placed inside the transmission line. The amount of power absorbed in the sample depends on the sample's dielectric properties: It is directly proportional to the dielectric loss and inversely proportional to the square root of the dielectric constant. The coefficient 0.5126 is an experimental value [4] .
The temperature dependence of the dielectric parameters is respected in the above formula. The power absorbed in the sample increases its temperature, the degree of warming depends on the specific heat (C p ) and the density (ρ) of the sample. A sample having greater specific heat or density warms slower. The change of temperature is given as follows,
where K is a coefficient regarding the volume of the sample, its unit is 1/cm 3 . The formula gives the speed of temperature change; on the other hand, the integral of the formula with respect to time gives the value of the temperature in the sample as a function of time. The temperature dependence of the dielectric parameters (ε , ε ) of the sample can be measured with a microwave dielectrometer [9], thus it is possible to define the relationships ε (T ) and ε (T ) regarding to the specific sample material by fitting polynomials on the resulted data. The impedance of the transmission line is a function of its geometric parameters and the dielectric properties of the sample. The characteristic wave impedance Z 0t of the transmission line depends on the size of the transmission line sizes (in two dimensions) and the wavelength (λ g ) of the electromagnetic wave propagates inside according to the following formula, is independent of the sample properties and depends only on the transmission line geometry and wavelength. From Z 0t and the dielectric loss it is possible to calculate the overall impedance (of the transmission line and the sample) as a function of temperature [5] :
From the overall impedance and the wave impedance one can determine the reflection coefficient of the transmission line:
Afterwards, it is possible to express the standing wave ratio. From the standing wave ratio it is possible to give the power entering the transmission line knowing the generator power, as it was mentioned before. Now, it is possible to build a model from the above equations, which has the following input parameters: Microwave generator power, density of the sample, specific heat of the sample, sample specific dielectric characteristics as a function of temperature, transmission line and wavelength parameters.
The outputs of the model are the temperature dependence of the power and the impedance conditions developed in the transmission line. The model structure can be seen in Fig. 1 . The formulae used for computing the dielectric properties of the sample are inside the wide-lined frame, the fitted polynomials of the dielectric properties can be substituted here.
The model structure has been implemented in MatLab environment. First the pure water has been investigated. The temperature dependence of dielectric values of water is described by Eqs. (8) [6] :
Some computed parameters for the pure water can be seen in Figs. 2, 3, 4 and 5.
If the theoretical relationships of the temperature dependence of dielectric parameters are not available a microwave dielectrometer can be used to establish the necessary equations [7] . As an example the temperature dependence of dielectric parameters have been defined in case of ethanol and glycerol using this method and the resulted relationships have been substituted into the model described above. Some calculated values in case of ethanol and glycerol can be seen in the Figs. 6 and 7.
CONCLUSION
A numerical simulation method is developed for the determination of directly unmeasurable dielectric properties. The model needs the temperature dependences of dielectric parameters ε and ε which relationships can be determined experimentally. The resulted model is suitable for the description of system having rectangular shaped waveguide. The simulation was performed in MatLab Simulink environment. As a result of the simulation the temperature dependence of the power and the impedance conditions developed in the transmission line can be determined either as a function of temperature or as a function of time. The simulation could be improved by more precise determination of dielectric parameters ε and ε . The results could be used both for the design of new methods and for optimizing processes in drying technology.
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